###### Key questions

What is already known about this subject?
=========================================

-   Achieving the guideline recommended treatment delays for patients with ST segment elevation myocardial infarction (STEMI) going for percutaneous coronary intervention (PCI) is difficult. Several studies have investigated the association of arrival and patient characteristics with treatment delays, but few studies have compared acute STEMI care processes between PCI centres.

What does this study add?
=========================

-   Numerous differences in processes between PCI centres were identified, indicating diverging choices to maintain a balance between speed and diagnostic accuracy. Several factors accelerating the process were identified, which can be used for further improvement.

How might this impact on clinical practice?
===========================================

-   By sharing best practices and/or comparing regular practice with the results of this study, treatment delays can be further reduced, potentially resulting in improved patient outcomes.

Introduction {#s1}
============

Rapid reperfusion treatment increases the chances of survival for patients with ST segment elevation myocardial infarction (STEMI).[@R1] [@R2] Consequently, international STEMI care guidelines recommend limiting the time to treatment with percutaneous coronary intervention (PCI) to a maximum of 90 min from first (para)medical contact.[@R3] [@R4] However, previous studies reported that attaining these time targets is difficult.[@R5]

In the European Society of Cardiology guidelines, a model of care has been described to treat patients within 90 min after first (para)medical contact. In this description, patients contact the emergency medical services through a central telephone number. In case of a suspected myocardial infarction, the emergency medical services dispatch an ambulance. In the ambulance, an ECG is recorded and interpreted by trained paramedics, and/or the ECG is transferred for a teleconsultation with a cardiology centre. Triage, diagnosis and emergency treatment are all performed in the prehospital phase. The cardiology centres, with 24/7 PCI services, cooperate with other hospitals in the region and with the emergency medical services through clear geographic boundaries, shared protocols and bypassing of non-PCI hospitals. While the patient is en route to the hospital, the catheterisation laboratory staff are called and the room is prepared. On arrival, the patient bypasses the emergency department and intensive coronary care unit and is immediately transferred to the catheterisation laboratory. The treatment delays are measured and used to improve the process of care.

Despite the aforementioned guideline-recommended process, the recommended maximal treatment delay of 90 min is still exceeded for a considerable number of patients in the Netherlands.[@R6] Although treating all patients within the recommended time targets is unlikely, there appears room for improvement. In addition to a well-designed process, hospital-related, patient-related and physician-related factors including annual PCI volume and time of presentation appear to influence the speed of the care process as well.[@R7] Therefore, further optimising the logistic processes and taking into account accelerating factors may reduce the treatment delay and subsequently lower the patients' risk of adverse cardiac events.[@R8] Therefore, the primary objective of this study was to explore how PCI centres in the Netherlands differed in their logistic processes from the European guideline-recommended process and from one another. The secondary objective was to identify factors potentially accelerating the process.

Methods {#s2}
=======

Design {#s2a}
------

Since quantitative information about the delays in the acute STEMI care process is lacking in many countries including the Netherlands,[@R9] [@R10] the study was performed in a multiple case study design, using PCI centres as cases. This type of design is well suited for exploring and comparing complex processes in a real-life context.[@R11]

Setting {#s2b}
-------

The study was conducted in the Netherlands, a country of ∼34 000 km^2^ where annually more than 11 000 patients are treated with primary PCI in 30 PCI centres.[@R12] Owing to an efficient geographical spread of PCI centres in the Netherlands, PCI is the preferred reperfusion therapy for all patients with STEMI who present within 12 hours of symptom onset. Therefore, timely provision of fibrinolysis was not taken into account in this study.

To access a PCI centre, patients may take different routes. In the Dutch healthcare system, the general practitioner has a gatekeeping role, meaning that referral from a general practitioner is required to see a hospital physician. Exceptions are made for medical emergencies such as STEMI, but some patients with symptoms of STEMI contact their general practitioner or general practitioners' after hours office. In their guidelines for acute coronary syndrome, general practitioners are recommended to call the emergency medical services and perform an anamnesis and physical examination.[@R13]

Alternatively, patients can contact the emergency medical services in the Netherlands directly by dialling the national emergency number (112). If indicated by the triage system, an operator of 1 out of 25 self-dispatching regional ambulance services sends an ambulance to the patient. Ambulances are staffed by a driver and by a nurse licensed to administer medical treatment at an advanced life support level.[@R14] All ambulance services work according to a national ambulance protocol which allows for regional adaptations in cooperation with the PCI centres.[@R15] This protocol describes transporting patients with a (tentative) STEMI diagnosis directly to the nearest PCI centre.[@R16] As a result of these national structures, the treatment delay in this study was defined as the period from first (para)medical contact in person to the PCI procedure. In addition, the care process was defined as all statements pertaining to individual tasks and responsibilities that contributed to getting the patient to a prepared catheterisation room.

Selection of PCI centres and participants {#s2c}
-----------------------------------------

In total, seven hospitals providing primary PCI 24/7 were invited to participate in this study after participating in a previous study, for which they were selected using a multistage random selection procedure.[@R17] These PCI centres differed among other things in ambulance region, annual PCI volume and type of hospital (University vs non-University teaching). At each centre, an interventional cardiologist specialised in acute coronary syndromes was invited by email for an interview. In the interviews, cardiologists were asked to provide contact details of one person from each profession involved in acute STEMI care at the hospital or at the emergency medical services. These professionals were subsequently approached by email to participate in the study. Additionally, for verification of the information given about the additional prehospital care processes, cardiologists from referring hospitals and general practitioners were invited for participation through the interventional cardiologist.

Data collection {#s2d}
---------------

Data were collected by means of one-on-one semistructured interviews at the workplace or home of the participant. The interviews were conducted with a topic list based on the European guideline-recommended process.[@R3] The topic list was tested in two pilot interviews and adjusted accordingly, resulting in a final topic list (see online [supplementary table S1](#SM1){ref-type="supplementary-material"}). Each interview started with a grand tour question in which cardiologists were asked to describe the care process from symptom onset to reperfusion for patients with STEMI going for primary PCI. Subsequent questions were related to the steps in the care process described by the participant, the role of other care providers in the process, prior quality improvement efforts and monitoring of the guideline-recommended time targets.

The interviews were performed by one interviewer, trained in qualitative interviewing (JT), between May 2013 and February 2014, were audio-recorded and transcribed verbatim using the computer program F4 2012 (V.5.2, Dr Dresing and Pehl GmbH---audiotranskription.de).
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Data analyses {#s2e}
-------------

In analysing the process of STEMI care, the data reduction strategy of Miles and Huberman[@R18] for multiple case studies was used. Within-case and between-case analyses were performed with the care process for patients with STEMI in the PCI centres as the unit of analysis. First, all interview transcripts were reviewed line-by-line and split into three predetermined process steps: (1) first (para)medical contact in person to PCI decision; (2a) activation of the catheterisation room; and (2b) PCI decision to the start of the PCI procedure. Process steps 2a and 2b occur simultaneously. Use of additional strategies to reduce the treatment delay is mentioned separately. Next, the care process per PCI centre, taking into account different patient routings, was described in detail (within-case analysis). The textual and graphical descriptions (swim lane charts) were linked by using similar annotation. An example of a swim lane chart describing the general process of prehospital care is presented in online [supplementary figure S1](#SM1){ref-type="supplementary-material"}. Differences in the logistic processes of PCI centres with the European guideline-recommended process and with one another were identified by comparing the textual and graphic process descriptions (between-case analysis).

Factors accelerating the care process but not pertaining to it were identified by reviewing all transcripts line by line. All issues related to accelerating factors as indicated by the participants were extracted from the transcripts and coded by means of open coding (content analysis). Subsequently, text fragments with similar open codes were bundled in an axial coding process and their contents were analysed inductively to reveal the core categories of factors accelerating the care processes.

After conducting and transcribing 12 interviews (covering all PCI centres), JT performed an interim analysis in which additional care providers in the process and potential gaps in the descriptions of the process per PCI centre were identified. To improve the reliability of the coding scheme, three interviews were coded independently by a second researcher (IvdW) and differences in the coding were discussed until consensus was reached. As a result, small modifications to the definitions in the coding scheme were made accordingly.

All transcripts were coded using the computer program ATLAS.ti (V.5.2, ATLAS.ti Scientific Software Development GmbH).

Verification {#s2f}
------------

The textual and graphical process descriptions of each PCI centre were sent back to the participating interventional cardiologists for verification. All interventional cardiologists responded, resulting in minor changes in the process descriptions.

Ethical approval {#s2g}
----------------

This study was approved by the Medical Ethical Committee of the VU University Medical Center. All participants were informed about the study goals and data processing, and written consent for study participation and audio recording of the interview was obtained. Data were stored on a password-protected network drive of the VU University Medical Center, to which only the researchers had access. Codes were assigned to participants and centres for privacy purposes. Additionally, all transcripts were anonymised by removing all names of people, centres and geographical locations.

Results {#s3}
=======

From six PCI centres, 25 care providers were interviewed ([table 1](#OPENHRT2016000458TB1){ref-type="table"}). One centre did not respond to the invitation and could therefore not be included. Moreover, to verify the general prehospital care process, two general practitioners and three cardiologists from referring hospitals were invited for participation, of whom one general practitioner and two cardiologists participated. This resulted in a total of 28 interviews with a mean duration of 45 min (range 23--68 min).

###### 

Characteristics of participating PCI centres and interview participants

  Hospital                                              a          b            c          d          e            f
  ----------------------------------------------------- ---------- ------------ ---------- ---------- ------------ ----------
  Type of hospital                                      Teaching   Teaching     Academic   Teaching   Teaching     Teaching
  Provision of thoracic surgery                         No         Yes          Yes        No         Yes          Yes
  Number of catheterisation rooms (primarily for PCI)   2 (1)      5 (3 or 4)   3 (2)      2 (1)      5 (2 or 3)   3 (2)
  Number of primary PCI procedures per year             300--400   \>500        400--500   \<300      \>500        \>500
  Interventional cardiologist                           x          x            x          x          x            x
  Cardiology resident                                              x            x                     x            x
  Catheterisation room nurse                            x          x            x          x          x            x
  Cardiac care unit nurse                               x                       x          x                       
  Ambulance nurse/medical manager                       x          x            x          x          x            x
  *Referring cardiologist\**                                                               x                       x
  *General practitioner\**                                                      x                                  

\*Participants in *Italic* for verification.

PCI, percutaneous coronary intervention.

Differences from the European guideline-recommended process and between PCI centres {#s3a}
-----------------------------------------------------------------------------------

Differences between the care processes of individual PCI centres, the European guideline-recommended process and between PCI centres could be allocated to one of the process steps below. Differences between PCI centres are summarised in the lower part of [figure 1](#OPENHRT2016000458F1){ref-type="fig"}. Illustrative quotes are presented in online [supplementary table S2](#SM1){ref-type="supplementary-material"} and referred to in the text. The letters between brackets in the text correspond to the letters for the PCI centres presented in [table 1](#OPENHRT2016000458TB1){ref-type="table"}.

![A model of variation and accelerating factors in the process of acute care chain of patients with STEMI going for primary PCI. PCI, percutaneous coronary intervention; STEMI, ST segment elevation myocardial infarction.](openhrt-2016-000458f01){#OPENHRT2016000458F1}

### First (para)medical contact in person to PCI decision {#s3a1}

The prehospital care processes of the PCI centres differed from the European guideline-recommended process on one aspect. The European guideline-recommended process assumes that patients arrive at the catheterisation room from the emergency medical services. In this study, additional patient routings were identified in which patients were already admitted to a hospital department, for example, the surgery department, or presented to emergency departments of PCI centres or non-PCI centres. The cooperation with the ambulance services was highly protocolled, while the cooperation with the general practitioners, emergency departments, other hospital departments or referring hospitals was much less protocolled. In case patients go to the general practitioner, no ECG is performed and the emergency medical services are contacted immediately.

Between PCI centres, several differences were found. When patients are announced at the PCI centre by the emergency medical services, the emergency department or referring hospitals, there can be uncertainty or ambiguity about the working diagnosis. However, additional diagnostic tests might result in a prolonged treatment delay. The PCI centres differed in the way they dealt with the trade-off between diagnostic certainty and speed. Some PCI centres had dedicated facilities to receive prehospital ECGs transmitted from the ambulance, followed by a telephone call (a,b,c,f). This provided the possibility for a coronary care unit nurse (a) or cardiology resident (b,c,f) to confirm the diagnosis. After hours, in one centre (c) all ECGs were additionally forwarded to the interventional cardiologist on call for review. Other centres had no dedicated facilities for ECG reception, but occasionally ECGs were received through (protected) mobile phone applications (d,e). One PCI centre was able to receive ECGs; however, not all ambulance service providers in the region were equipped to transmit ECGs (b), leading to variation within the region.

In case there were facilities for transmitting and receiving ECGs (a,b,c,f), different criteria were used for the decision to employ these facilities. Some PCI centres required all ECGs to be transmitted (a,c), while others only required ambiguous ECGs to be transmitted (b,f), thereby minimising the number of consultations for unambiguous diagnoses ([quote 1](http://dx.doi.org/10.1136/openhrt-2016-000458)). In the PCI centres where only the ambiguous ECGs were transmitted or which had no dedicated facilities to receive ECGs, the patient was always accepted for angiography and PCI without additional diagnostic testing or consultation when an ambulance nurse indicated with certainty that the patient had an STEMI (b,d,e,f; [quote 2](http://dx.doi.org/10.1136/openhrt-2016-000458)). As a result, no ECGs were transmitted and the PCI centre was only contacted by telephone to convey additional information about the patient. In one centre (a), the decision to send a patient for PCI was made by a dedicated coronary care unit nurse, while in another centre (c) a cardiology resident made the decision. In case the diagnosis was uncertain, a cardiology resident or interventional cardiologist could be consulted, resulting in additional discussion before the patient was accepted.

### Activation of the catheterisation room {#s3a2}

In all PCI centres included in this study, the catheterisation room was activated by a dedicated care coordinator at the PCI centre. The profession of the care coordinator differed between PCI centres. In one centre (a), the coordinator was a dedicated nurse from the coronary care unit both during office hours and after hours. The nurse had the autonomy to read the ECG and activate the catheterisation room without additional consultation of a cardiologist or cardiology resident ([quote 3](http://dx.doi.org/10.1136/openhrt-2016-000458)). In three centres, during office hours a cardiologist activated the catheterisation room while after hours a cardiology resident (b,f) or coronary care unit nurse (d) was responsible. In two other centres, the cardiology resident was always responsible for catheterisation room activation (c,e). However, in one of these centres (c), a coronary care unit nurse was contacted first through a landline, who subsequently transferred the call to the cardiology resident, resulting in an additional process step. The difference in profession of the care coordinator indicates different choices between speed (a readily available nurse) and reliability of the diagnosis (a more difficult to reach cardiologist).

During office hours, the catheterisation room staff was already present as they performed elective PCI procedures and thus the catheterisation room systems were already operational. When an incoming patient required primary PCI, ongoing or planned elective procedures in one of the catheterisation rooms were cancelled and rescheduled to free the room for the incoming patient. Up to the point where a sheath or guidewires were inserted, patients undergoing elective procedures were removed from the catheterisation room to speed up its availability.

After hours, the catheterisation room staff on call (interventional cardiologist and multiple catheterisation room nurses) were generally not present at the centres. There were two exceptions. One centre required all staff on call who had to travel over 20 min to the centre to stay overnight (f), while at another centre some cardiologists stayed overnight voluntarily (e). The catheterisation room staff staying overnight at the centre initiated catheterisation room preparations immediately after announcement of the patient, thereby optimally using the transport time of the patient. At two centres (a,b), preparation of the catheterisation room was initiated by a coronary care nurse working the evening or night shift while the catheterisation room staff and patient were en route to the centre ([quote 4](http://dx.doi.org/10.1136/openhrt-2016-000458)).

An addition to the European guideline-recommended process was found in the way the catheterisation room staff was contacted after hours. The interventional cardiologist and catheterisation room nurses were called by the care coordinator or doorman to present to the PCI centre within 20--30 min. None of the centres used a single-call page system but contacted the staff by (mobile) telephone instead, enabling immediate confirmation. To start the procedure as soon as possible, only the interventional cardiologist and at least one catheterisation nurse had to be present.

### PCI decision to the start of the PCI procedure {#s3a3}

As recommended in the European guideline, the emergency department was bypassed on arrival at the hospital and the patients were transported directly to the catheterisation room on the ambulance stretcher. When the catheterisation room was not available yet, patients were accommodated in a holding area near the catheterisation room or in the coronary care unit. In contrast to the European guideline-recommended process, in one centre the patients made an additional stop at the coronary care unit (d; [quote 5](http://dx.doi.org/10.1136/openhrt-2016-000458)), from where a coronary care unit nurse transported the patient to the catheterisation room. The nurse stayed to assist in the procedure and transported the patient back to the coronary care unit to facilitate continuity of care.

In case the catheterisation room was not ready on arrival of the patient at the PCI centre, several strategies for accommodating the patient were identified. Some PCI centres had a dedicated holding area for patients awaiting catheterisation at the catheterisation room complex on the ambulance stretcher (a,b), while others admitted patients at the coronary care unit (c,f,e). One centre sporadically set up these patients at another catheterisation room, so that only the staff had to change rooms (b).

### Monitoring of delays {#s3a4}

An additional strategy in the European guideline-recommended process was to monitor the treatment delays and identify variation. However, only one PCI centre used this strategy (a), though all centres recorded information about the treatment delay to report on national quality indicators.

Accelerating factors {#s3b}
--------------------

Several factors not pertaining to the process were identified by the healthcare providers as accelerating the care process. These factors were categorised as patient, healthcare provider, interprovider and PCI centre characteristics and are summarised in the upper part of [figure 1](#OPENHRT2016000458F1){ref-type="fig"}.

### Patient characteristics {#s3b1}

Participants mentioned that the *clarity of the signs and symptoms* experienced by the patient determines the way patients interpret their symptoms, and the care provider that they contact. The participants indicated that bypassing the general practitioner and calling the emergency medical services directly accelerated the care process. Furthermore, in contacting a care provider, the *patient*'*s assertiveness* can influence the priority that he/she is being given, for example, by insisting that the symptoms are severe. Additionally, when patients are *haemodynamically stable*, fewer resources, that is, equipment, care providers (eg, anaesthesiologist) and diagnostic procedures (eg, an ultrasound) are required, which accelerates the process.

### Healthcare provider characteristics {#s3b2}

A working diagnosis is the starting point for the PCI centre to initiate preparations for receiving a patient with STEMI. Therefore, the working diagnosis needs to be made prehospital by an *experienced* and *qualified* diagnostician in order to make a reliable diagnosis to ensure activation of the catheterisation room without further diagnostic testing ([quote 6](http://dx.doi.org/10.1136/openhrt-2016-000458)). Also, participants indicated that in the communication with the PCI centre, it is vital that the diagnostician is *assertive* in case he/she is certain of the working diagnosis of STEMI in order to avoid additional transfer of information and unnecessary consultations. Consequently, in some centres, a cardiology resident had to consult the interventional cardiologist, in which the same factors of experience, qualification and assertiveness are important for the cardiology resident, thereby limiting the potential delay caused by the additional consultations.

### Interprovider characteristics {#s3b3}

In case a working diagnosis is made, the communication between the ambulance crew and the PCI centre needs to be *clear*, *quick*, *unambiguous* and *direct*. Participants stressed that this will *minimise discussion* about the diagnosis, resulting in a shorter treatment delay. One important requirement is *trust* in the diagnosis made by the ambulance nurse or other diagnostician. When trust in the diagnosis is high, no further discussion is needed and preparations for the PCI procedure can be initiated ([quote 7](http://dx.doi.org/10.1136/openhrt-2016-000458)).

However, doubt about the working diagnosis can result in additional *intercaregiver consultations* in which the diagnosis is discussed, potentially delaying catheterisation room activation and patient transport. Therefore, *multidisciplinary cooperation* in minimising doubt about the diagnosis and agreeing on an acceptable level of uncertainty in the region of a PCI centre is deemed as an important factor accelerating the process in the long run.

### PCI centre characteristics {#s3b4}

The *catheterisation room location* should ideally be near the ambulance entrance, the emergency department and the coronary care unit of the PCI centre to limit transfer times. In addition, *having multiple catheterisation rooms* increases the chances that one is available. Having *catheterisation room equipment with a short start-up time* as well as *having a simple protocol* describing everyone\'s responsibilities can reduce the time to prepare the catheterisation room.

Anticipation on different patient routings and characteristics was identified by the participants as important for optimising the process speed. For example, some PCI centres *anticipate transporting haemodynamically unstable patients to the catheterisation room as soon as the patient is stable enough*. The cardiologist goes to the emergency department immediately after prehospital notification to provide care and to remind other care providers that the patient needs to go to the catheterisation room as soon as possible. At the catheterisation room, specialised staff (eg, anaesthesiologist) with advanced equipment are waiting to take care of the patient. PCI centres also *anticipatedcatheterisation room occupancy* by having a dedicated holding area near the catheterisation room.

Discussion {#s4}
==========

In this study, the care processes in multiple PCI centres for patients with STEMI going for primary PCI in the Netherlands were compared with the European guideline-recommended process and to one another. In addition, factors accelerating the process were determined. The PCI centres differed from the European guideline-recommended process on additional, unavoidable patient routings and monitoring delays. Differences between PCI centres included the way diagnostic information was communicated and having personnel ready on-site to immediately prepare the catheterisation room. Accelerating factors included the patients' assertiveness, trust in the diagnosis of colleagues and avoiding intercaregiver consultations and discussion.

In all PCI centres, the emergency medical services bypassed the emergency department on arrival at the hospital. This is in accordance with previous study results, in which direct transport to the catheterisation room was identified as a time-saving strategy.[@R19] However, the procedures for patients entering the PCI centres through alternative routings were less protocolised. Therefore, it is important that in optimising the care process, PCI centres take into account all patient routings in shared protocols and infrastructure for all involved care providers in their region. Continuously updating and disseminating the guideline-recommended process enables individual PCI centres to compare their own process with the synthesis of best practices. Additional improvements in comparison to our model can be shared within and between STEMI care networks.[@R20]

In the design of the acute care process for patients with STEMI, PCI centres appeared to seek a balance between accuracy of the diagnosis and speed of the process. While some centres chose a system in which the ambulance nurse decided to send the patient for PCI, other centres chose a system in which the ECG first had to be evaluated by a coronary care unit nurse, cardiology resident or interventional cardiologist. This additional verification of the diagnosis may result in a prolonged treatment delay, while on the other hand it may prevent unnecessary catheterisation room activations. Previous studies indicated proficient interpretation of ECGs by emergency medical services staff,[@R21] [@R22] indicating that transmittal of the ECG might not be required.[@R23] However, transmitting the ECG allows for comparison to previous ECGs, thereby potentially minimising unnecessary catheterisation room activation.[@R24] An optimal configuration of the care process may be identified by means of computer simulation, in which the effect of an altered configuration on the treatment delay and the diagnostic certainty can be evaluated. Computer simulations have been applied in decreasing patient wait times at the emergency department,[@R25] and could also be of value in optimising the treatment delay.

Although driving times are prolonged in Denmark, a higher number of procedures per operator were linked with improved patient outcomes.[@R26]

The optimal level of centralisation of primary PCI procedures within countries remains unclear. Although driving times can be shorter in a more decentralised approach, a more centralised approach can result in a higher number of PCI procedures per operator. Both aspects of care have been linked to improved patient outcomes,[@R2] [@R26] but they appear mutually exclusive. To gain insight into an optimal centralisation strategy, a natural experiment can be used, for example, by comparing patient outcomes in the Netherlands and Denmark. Denmark, with 5.6 million inhabitants in 43 000 km^2^ and ∼2700 primary PCI procedures each year,[@R12] is comparable to the Netherlands on the terrain, infrastructure and guideline recommendations.[@R27] The major difference appears to be the number of PCI centres providing primary PCI procedures: 30 PCI centres for 16.8 million inhabitants (560 000 inhabitants per PCI centre) in the Netherlands versus 4 PCI centres for 5.6 million inhabitants (1.4 million inhabitants per PCI centre) in Denmark. In addition, the organisation of the emergency medical services (25 regions in the Netherlands vs 5 regions in Denmark) is also more centralised. It is unclear to what extent this further centralisation of STEMI care influences patient outcomes. It would therefore be recommendable to compare patient outcomes between the Dutch and Danish systems in order to identify an optimal level of centralisation.

The accelerating factors could be organised in four categories: patient, provider, interprovider and PCI centre characteristics. In reducing the treatment delay, it appears crucial to redesign the process while taking into account factors that may influence the speed of the process. Although not all factors can be influenced directly by care providers, anticipating situations in which these factors play a role may help to minimise treatment delays, for example, having an adapted process for haemodynamically unstable patients. In addition, both provider and interprovider characteristics are mentioned as accelerating the process. These categories justify multidisciplinary training within a region in order to align the views of all involved care providers, including general practitioners, referring hospitals and emergency department staff. Taking into account these accelerating factors may further decrease the treatment delay in the long run.

The differences in care processes and accelerating factors are presented as independent factors, while in real life they may be inter-related. For example, when an interventional cardiologist trusts the diagnosis made by an ambulance nurse or coronary care unit nurse, no further discussion is required. This trust can in turn be influenced by the experience and qualification of the diagnostician and by the clarity of the patients' signs and symptoms. Low trust in the diagnosis might result in additional discussion or an additional stop at the emergency department for further diagnostic testing, prolonging the treatment delay. Consequently, in optimising the process, it is important to consider both process steps and accelerating factors.

Study limitations {#s4a}
-----------------

The study results should be interpreted taking potential limitations into consideration. Personal views and experiences of participants may have affected the reliability of data collected by means of interviews. The accelerating factors were perceived by the care providers and not tested quantitatively and should therefore be interpreted with caution. To increase the reliability of the data, a variety of PCI centres and care providers per PCI centre and its region were included.

The data were collected in a single country, which may have influenced the usability of the study findings for other countries. However, the care of patients with STEMI has been standardised in international cardiology guidelines and primary PCI is the reperfusion method of choice in many countries.[@R10] Therefore, the findings of this study can be useful internationally, though differences in the national protocols or accelerating factors may occur.

In this study, no professionals from the emergency department were interviewed. This was because cardiologists and cardiology residents were closely involved in the care for patients with a suspected cardiac disease at the emergency department. In addition, in the Netherlands, only a very small number of patients arrive through the emergency department. Strategies to optimise care for patients with STEMI that focus on the emergency department will therefore have limited effect in reducing the average treatment delay in a hospital. However, a part of the process was not directly explored in this study, which could have affected the reliability of the reported results.

Finally, we were unable to link the processes identified per PCI centre in this study to time intervals or patient outcomes because of size differences between the regions in which centres were located which may affect the treatment delay. As a consequence, it cannot be determined to what degree the reported process differences and accelerating factors accounted for a shorter treatment delay. However, the overall treatment delay in the participating centres was relatively short[@R6] compared with other studies, and multiple time-saving strategies as identified in previous best practices were applied in all PCI centres, for example, prehospital diagnosis and bypassing the emergency department.[@R9]

Conclusions {#s5}
===========

Several differences in the current acute care process for patients with STEMI in comparison to the European guideline-recommended process and between PCI centres were found. These differences potentially affect the treatment delay, indicating room for further improvement. Hospitals can learn from each other\'s process designs by identifying and sharing best practices. The results of this study therefore facilitate future quality improvement efforts and research that may eventually reduce the treatment delay of patients with STEMI.
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